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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Army Air PForces, Materiel Cormand
TESTS OF THE NORTHROP MX—EBM GLIDER AIRPLANE
IN THE NACA FULL~SCALE TUNNEL

By Gerald W. Brewer
INTRODUCTION

Tests of the Northrop MX-33l airplane have been
made in the WACA full-scale tunrel at the request of the
Army Alr Forces, Materiel Command. The results of this
investigation are of varticular interest since the NX-33l
is an all-wing glider-type airplane having neither a con-
ventional fuselage nor vertical surfaces..

The primary purpose ol these tests was to obtain
sufficient data with which to determine the longitudinal
and lateral stability and control characteristics of the
alrplane. In addition to the stabllity and control
study, this memorandum report contalns the results of
tests that were made to (1) determine a suitable wing-
tip leading-edge slat arrangement which would improve
the static longitudinal stability of the alrplane as well
as increase the maximum 1if't coefficient; (2) establish
a value of the minirnum drag coefficient for the basic
wing and determine the additional drag caused by the
leading-edge slats; (3) determine the effects on the
directional stability characteristics of the airplane of
the addition of vertical fins; (li) measure the effective-
ness of the air-operated directional control systen.

SYMBOLS

Cp drag coeffilcient (X/qoS).

Cy lateral-force coefficient (¥/qyS)




AN

aileron span (9.7 feet)
elevon tab span (2 feet)
root-mean-square elevator chiord (0.8%3% foot)

root-mean-square allevon chord (0.53% foot)

AN

rootb-mean-square tab chord (0.167 foot)
relative ailr-flow quantity
volume rate of air flow
helix angle
olling veleocity, radians per second
indicated alrspeecd
elevator stick forée
alleron stick force

ure between the inside

difference in static press
rudder bellows

and outslide of the
section profile-drag coefficient
free-stream total pressure
total pressure in the fleld of the airfoil
vertical distance from the wake center
a correction factor, usually about 0.8 to 0.9
angle of attack of thrust axls, degrees
angle of vaw, degrees; positive when the

°

wing 1s retarded

&
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e
g
ot

elevator deflection (with respect to th
§.

cherd), degrees; positive when the tr
ig deflected downward

® o

aileron defleotion, degrees; positive when the
trailing edge is deflected downward
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given in figure 3. It was necessary to install addl
uional seals at the hinges and at the inboard and ou

“board ends of the elevons prior to the tests to obta
completely sealed control surface.
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‘The inboard surfaces are the alr-operated bellows
type and provide both dive braking and directional con-
trol. Each surface was divided into two parts to sinplify
the structure at the joint between the wing and center
section. The mechanical linkage between these two sur-
faces 1s such that the upper and lower surfaces have
identical angular travel. Heither surface can be oper-~
ated individually. The ducting for this system consists
of a passage from a leading-edge inlet through a venturi
section to a traliling-edge outlet and a second duct
leading from the venturl throat to the bellows. The
pressure and air flow for the bellows &re regulated by
means of a butterfly control valve placed in the venturl
section.

METHODS AND TESTS

During preliminarv tests of the airplane with the
slats removed the wing tips stalled at high angles of
attack. Due to the high sweepback of the wing this tip
stall caused a serious longltudinal instability. The "
development was therefore undertaken of a leading-edge
slat configuration that would eliminate Lhe inherent
longitudinal instability of the wing.

The three slat arrangements that were tested in-
clude (1) the original slat (fig. L), (2) the original
slat moved closer te the wing leading-edge contour
(fig. L), and (3) a large-span slat with the revised
slot. The original and the large-span slats extended
20 and 3%36.6 percant of the wing span, respectively
(rigs. 1 and 5). Force and moment measurements were
made through a large range of angles of attack for the
basic wing and for the three slat configurations. To
supplement the force tests, tuft observations were made
to determine the stalling characteristics of the wing as
affected by these slat configurations.

In order to provide a check on the force-test re-
sults, the minimum drag of the airplane was also obtained
by measuring the loss of total pressure in the wake behind
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BSULTS AND DISCUSSION
Aerodynamic Characteristics of the Airplane

Lift and pitching moments.- The 1lift and pitching-
moment characteristics ol thne alrplane, with the leading-
edge wing slat removed and with the origlnal and large-
span slats installed, are glven in figure 8. The results
of tuft observations, which supplement the force test data,

are shown in figures 9 and 10. The pitching-noment varia-

tion for the basic wing shows approximately neutral sta-
bility for 1ift coelfficlents up to the stall with the
center of gravity located at 27.5 percent mean aerodynamic
chord. At the stall the loss of 1ift at the wing tips
increases the positive pitching-moment coefficient and
causes serious longitudinal instabllity. It was evident
that, before further investigation of the aerodynamic
characteristics of the airplane were justified, improve-
ment of the static longitudinal stability of the wing
near the stall was necessary.

The most effective method for eliminating the Insta-
bility appeared to be the control of the stalling pattern
with suitable wing-tip slats and, accordingly, the three
slat configurations previously described were tested.

Bach slat configuration progressively improved the stalling
characteristics of the wing, as shown by the continuous

. decrease in wing-tip stall in the tuft surveys, and by

the decrease in positive pitching moments at angles of
attack near the stall in figure 8. The largs-span slats
with the revised slot retarded the flow breakdown at the
tip section until after the center section had stalled,

thus eliminating the cause of the instability. They
also increased the maximum 1ift coefficient from a value
of 1.15 to 1.26. The unstable pitching-moment variation

at low 1ift coefficients for this condition 1s probably
due to the interference effects of the slats on the air
flow over the wing at low angles of attack.

Drag.- The drag data from these tests are presented
in figure 11l. The minimum drag coefficient for the basic
wing was 0.0100. The original slats with the revised
slot increased this value to 0.0118; the large-span slats
with the revised slot, to 0.01L6.

In order to determine the section drag coefficients
and to check the minimum drag of the basic wing, wake



Static Longitudinal Stability and Control

Elevator effectiveness.- The results of tests made
with the sealed elevons operated as elevators are glven
in figures 1% and 1l which sliow the variation of Ci,»
Cm» and Che with elevator deflection. The data are

presented for the basic wing and for the wing with the
large~span slats installed. At low angles of attack

the elevator effectiveness de/dGG, measured at

Cm = 0, 1s -0.00L7 with the slats removed and 1s -0.00L1
with the large-span slats installed. Although de/dﬁe
is decreased at high 1lift cpefficients for the slats-
removed condition to -0.003%i, the valus of de/dﬁe for

the slats-installed condition remains unchanged. Sirai -
larly, the values of dChe/dﬁe, measured at Che = 0,

ere lower at low 1ift coeffilcients and higher at high
1ift coefficients with the slats installed than with the
slats removed. For the slats-removed condition dchp/dée

is ~0.0055 at a €y, of 0.3} and -0.0035 at a Cy, of
0.90; with the slats installed, dche/dse is -0.0050 at

a Cp of 0.33 and -0.00l3 at a Cj, of 0.92.

In order to compare the stick-fixed longitudinal
stability of the airplane with and without slats, curves
showing the variation of elevator deflections for trin
with 1ift coefficient have been obtained from the test
results and are given in figure 15. With the slats
removed, the alrplane 1s unstable from a C;, of 0.1 to
O.L and is neutrally stable from a Cy, of 0.l to 0.9.

At higher 1irt coefficlents there is & large degree of
instability since increases of down-elevator deflections
are required to reduce the forward speed of the airplane.
With the large-span slats installed, however, the air-
plane is stable at all 1ift coefficients above 0.6 but is
approximately neutrally stable at lower 1lift coefficients.

A criterion for satisfactory stability requires «
stable stick-free pitching-moment variation. The re-
sults in figure 16 show that the airplane with slats
removed 1s very unstable, stick free. With the alrplane
trimmed at the same 1ift coefficient, it is shown that
the large-span slats decreascd this instability slightly
and that the large positive piltching-moment variation at
high 1ift coefficients was reduced.
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Lateral Stability and Control

Aerodynamic characteristics in yaw.- The results of
tests made with tne airplane yawed 09, 2.9°, 5.69, g.59,
14.5°, and 18.6° are presented in fi “ure %% to.5h5, The
data include the Variations of Cys Cns Coyrs and hg
with total aileron deflection for four angles ofvattack
at each esngle of Vaw. The wvariations of C3y, C,, and
Cy with ¥, which were obtalned by cross- prf ing the
ofiginal data at zero alleron deflection, are shown in
figure 3%6. ‘ '

As ghown by the low value of dcl/dw at an angle

of attack of %.3%°, the airp

ane will have practically no

efiective dlbearaW in the low angle-of-attack range. It
is dmportant to note that Z/dw increases rapidly with
LHCP@&SlH? 1ift coefficient. At an angle of sttack of
16.9%, for example, du7/du is avproximately 0.00lC,

which correspvonds to an effective dihedral
in effective dihedral

iIlC rease
ig attributed
wing.

8o, This large
1ift coefficient
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will have

The airplsne
s of attack as

at low a;%l 3
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almost
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no weathercock stablility

the weathercock

stability increases rapidly with increases in 1ift cocf—

ficient. At an angle

of attack

of 16. 90 QCp/dW

approximately -0.0010 per degree.

The variation of lateral- ~force coefficient with WV
is 2lso very small at low angles of attack. ihe valug:
of dCy/dw shows = stable V3T¢3LLOF for angles of attack
below th@ stall up to a vaw angle of" 15° where the values
of QvadV begin to reverse gign with further increases
of . At Bre stall, there is a reversal in the side
force from positive to negative at v = 79,

The varlatloq of l;‘t boeffiﬂLenL and pitching-
monent coefficient with angle of vaw is shown in fig-
ure 37 for four angles of attac The changes in pitching-
moment coefficient with angles of vaw are small and some-

what lrregular. The decrease
angle of yaw was small for the

of 1ift coefficient with
range of vaw angles tested.



N

3

15

vith  ph/2V  and is
charecteristics of the
hellzx angu Wl;h tot
;erlan conditions 18 shown
lation of thiese results shows
cction of 2L° the value of jb/?‘
miles per hour ard 0.070 at 70 r
' | i _,UPOXquuely J;Lo L
2 hour and 0,063 at 72 miles per Loar el
. Thhese values have i
bunriel data, but it should be
flight the adverse vaw ot Low
Conipr OSSibll“ voand wing SBRTde j
robably ]ow~“ these values by about 20 percent

b/
tions

V. .
) i
ficls iets]

[

;.(D

been compu
gpeeds, &
forces wer

rd

Tlection
The value

e b W 1-3
btack of the

leron~control-force vari
ows no P@VﬂrnqL of for
increased sllieron
:ron.depLecumon g
per hour with slats ing
r hour, slats remove
magnitude will be excessive for
operated from a prone pos sition.
control force is of the order ol 3
alleron deflesction. :

=

o Q.
® .
I’

Qa \_2

AV




. bv (1) reducing the sweepback of the leading-edge inlet
gative
let

5
o

=Y
L)

so. zero degrees and by (2) providing an initial ne
- 8] N ) a 1 ) ) ey § R
' of attack of about 14° at the face of the in

Results similar to that obtained for the original
inlet were obtained for the modified inlet except that
greater rudder deflections were obtalned and the tendency .
to stall at the inlet was delayed several degrees
(fig. 1i6) The measurements made to estimate the . quan-
tity of air flow through the duct system (fig. L7) show
simlilar characteristics of the effectiveness of the two

-

i
h

inlets. Air fliowed out of the system at ar angle ol
attack of 15° for the original inlet and at 2/,° for the
modified inlet. In both cases the avalilable quantity
decreased rapidly with change in angle of attack from

The variation of deflection of the inboard and out-
board scctions of the rudder is caused by an uneven dis-
tribution of pressure in the two sections of the rudder
as shown bv the variations of the pressure differential
across the bellows with angle of attack in figure L8.
The effectiveness of the butterfly valve is shown in
figure 49 for each inlet type. It is important to note
that the rate of change of valve position with rudder
deflection varies considerably and that the valve 1s most
sengitive when about one-half closed. paralleling the
regsults in the previous figures, 1t is shown that, when
the inlet is stulled, the full range of valve setting
will not change the rudder deflection,

The over=-all efriciency of the bellows and duct system
was determined by measuring the time lag for maxinum sur-
face deflection with instantaneous full-rudder control.

The minimum time interval for the best condition was about
li seconds. Since the inlet and duct system do not pro-
vide adecuate guantity of ailr flow through the ducts and
pressure withln the bellows and since the control-valve
operation wags not effective, the directional control
system such as tested in this model 1s very unsatisfactory.

UMIMARY OF RLIULTS

2

1. At the design center-of-gravity location of
27.5 percent mean aerodynamic chord, the airplane with
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ERFFRCT OF SLATS AND FPINS CON THE H( TC CHARACTERISTICS COF
THE MX-3 Iy ATRPLANT YAWRD AT 6° AND 18960
THE MX-3%. PLAN 5.

i} . . H P O T
Y, deg 5.A° ? 18.6
AR - - Slats Fins
S~ - - - 7 s, ~
~. 3.3 10.6 16.9 21.6 3.3 10.6 16.9 21.6
--------------------- o emmnme= 10,0080 0.0200] 0.0340] 1.0700!0ff of?
. 0.0008 | 0.0002 | 0.0010 L0078 .01801 .0%50( .0520 On Off
C1 ,0015 | .00%5 | .0050, L0065 1 0172 .0258!  .0%A01 on !Pull chord
SRPOUPE G R - | 0075 1 L0280!  Lol50|  .9560| oOn | Half chord
o
-------- e e e | =G, 0023 -0 ,0068 [~0,01L6-0.0075 ,01F | orf
. -0.,0003% |-0.0010 {-0.0050 |~0.00751 -.0027 00683 -.01601 -.02301 on l Off
! ~.0005 | -.,00181 ~.00%51 -,00631 -.0002| -.0050| -.01%0| ~.0200} On l? 111 chord
——————— O e el 0080 ~.01£0, -.0235| On Falf cnord
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0.003£{-0.0010,-0.0060|-0.0L50 |ofr | off
. 0.0005 0.0015{ 0.0005| 0.0062] ,0052| .0027| =-.0027| -.U1l75| On | Off
p4 .0095 .0095 .0095 .00bL5 .ogbo ,gul .0280 03501 On %Eh}z chord
~~~~~~~ e il et bl bbby ,0500 L0120 .033%0 .02201 On | Half chord]
L l
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(a) Three-quarter front view.

Figure 1.- The MX-334 airplane mounted for tests in the NACA full-scale tunnel.
Original slats installed.
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Figure 2 .- Three-view drawing of the MX-334 airplane.
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Section at centerline of the airplane

ff‘igure 6 .- Arrangement of fins on the MX-334 airplane.
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